The objective of this survey was to identify what mycotoxins were present in ingredients used in diets offered to beef cattle in feedlots and their concentrations. The survey covered 30 Brazilian feedlots located in the five major beef-producing states. Samples of total mixed ration (TMR) and ingredients were collected and analyzed for mycotoxin using ultra-performance liquid chromatography coupled to tandem mass spectrometry. Mycotoxin concentrations were further interpreted according to known species-specific sensitivities and normalized according to the principles of toxic equivalent factors (risk equivalent quantities -REQ) expressed in µg kg −1 of aflatoxin B1-equivalent. Forty percent of the visited feedlots had apparent fungi in TMR. However, only one feedlot (3%) used a mycotoxin adsorbent. On the other hand, diets with high contamination presented no apparent fungi. One hundred percent of TMR was contaminated. All samples presented at least one mycotoxin contamination, with 65.5% considered low contamination, 27.6% medium contamination, and 6.90% high contamination. The toxins identified in TMR were fumonisins (most frequently), trichothecenes A, trichothecenes B, fusaric acid, aflatoxins, and ergot (mean concentration values: 2,330, 104.3, 79.5, 105, 10.5, and 5.5 µg kg −1 , respectively). According to the contamination of TMR samples per region, Mato Grosso do Sul state presented the highest contaminations. Peanut meal was the most contaminated ingredient. One hundred percent of TMR in Brazilian feedlot is contaminated. Fumonisins were the mycotoxin most frequent and at highest concentrations in TMR samples. Moreover, mycotoxin concentrations have a distinct pattern among ingredients, TMR, and feedlots (local).
Introduction
Mycotoxin contamination occurs in many materials, including animal feed, animal products, and soil. As these toxins affect animal production and health, they can cause substantial economic losses. Factors that can affect the production of mycotoxin by fungi include abiotic factors, such as temperature and humidity, and biotic factors, such as fungal load at the time of transportation and storage. Besides, there are two types of fungi, those that act before harvest, commonly called field fungi, and those that occur only after harvest, called storage fungi (Tola and Kebede, 2016) .
The most important genus of mycotoxigenic fungi are Aspergillus, Alternaria, Claviceps, Fusarium, Penicillium, and Stachybotrys (Milićević et al., 2010) , while the common mycotoxins investigated and found in ingredients of animal diets worldwide are: aflatoxin, fumonisin, zearalenone, ochratoxin, and trichothecenes (Chaytor et al., 2011) . However, as the presence of these mycotoxins relates to specific environmental conditions and type of material, the characteristics of contamination could vary regionally. Nevertheless, the trading of ingredients among regions, countries, and continents could also play a role in the contamination dynamics and change mycotoxins distribution patterns.
Thus, the objectives of this survey were to identify the mycotoxins and their concentrations in ingredients used in typical total mixed rations (TMR) used in Brazilian beef feedlots and relate these results to characteristics of the feedlot.
Material and Methods
The survey was developed in the years 2015/2016. Thirty Brazilian feedlots located in five different Brazilian states (Mato Grosso [MT] , Mato Grosso do Sul [MS] , Goiás [GO] , Minas Gerais [MG] , and São Paulo [SP] ) were used in the survey (Table 1) . These states are the five major beef-producing states, responsible for 81.3% of all animals finished in feedlots in Brazil and, therefore, were chosen for the evaluation. Each feedlot was visited by the authors, where samples of ingredients and TMR were collected, and a questionnaire concerning aspects of the feedlot and its management was completed.
The questionnaire contained 61 questions that were categorized into the following topics: general information about the facilities (12 questions), general cattle management (21 questions), diets (18 questions), concentrates and co-products used (four questions), and roughage used (six questions).
Samples of TMR (n = 30) and ingredients were sent to the research facility (Colina, SP, BRA). These samples were lyophilized and ground in the laboratory. Subsequently, they were vacuum-packed and sent to the 37+ ® Analytical Services Laboratory (Lexington, KY, USA) for mycotoxin analysis.
The evaluation of mycotoxins comprised two distinct steps. In a first step, the absolute quantification of 38 different mycotoxins was performed using a validated and ISO/IEC 17025:2005 accredited method by means of ultra-performance liquid chromatography (UPLC) electrospray ionization tandem mass spectrometry (ESI-MSMS), involving an isotopic dilution step and a data normalization process. In a second step, mycotoxin concentrations were further interpreted according to known species-specific sensitivities and normalized according to the principles of toxic equivalent factors, determining the risk equivalent quantities (REQ) expressed in µg kg −1 of AFB1-equivalent.
The ingredients of the ten most contaminated TMR samples (n = 41) were sent to the 37+ ® Analytical Services Laboratory for analysis of mycotoxins to evaluate which ingredients were most responsible for TMR contamination.
The responses generated from the questionnaire and the analytical data were subjected to descriptive analysis using the UNIVARIATE procedure of SAS (Statistical Analysis System, version 9.4) and 
Results
Eighteen feedlots (60%) had less than 5,000 animals, whereas seven (23%) had from 5,000 to 10,000 animals, and five (17%) had more than 10,000 animals on feeding. The observed average daily gain (ADG) ranged from 0.70 to 1.85 kg in these feedlots. However, most of the feedlots (63%) had animals with a near-average ADG (1.53 kg day −1 ; Table 2 ).
Most feedlots (83%) stored the ingredients in a common barn, and 57% of the feedlots cleaned the storage barns (Table 3 ). Forty percent of the visited feedlots had apparent fungi in TMR. However, only one feedlot (3%) used a mycotoxin adsorbent (Table 3) . Besides, from twelve diets with apparent fungi, six showed moderate mycotoxin contamination, while six had low contamination. On the other hand, diets with high contamination (6.9%) presented no apparent fungi.
Almost all TMR samples (93.3%) presented fumonisin (B1+B2), 80% of TMR samples had fusaric acid, and 66.7% had trichothecenes A (T-2, H-T2, diacetoxyscirpenol, and neosolaniol), while aflatoxin (6.67, 20.0, 33.3, and 6.67, respectively) . Ochratoxin A, zearalenone, and other mycotoxins produced by Aspergillus (gliotoxin, sterigmatocystin, verruculogen) were not found ( Figure 1) . Fumonisin was the mycotoxin with the highest level of contamination in the samples (Figure 2 ).
In this study, 65.5% of TMR samples were classified as low REQ, 27.6% as intermediate REQ, and 6.9% as high REQ (Figure 3 ). The maximum REQ found in TMR used in the feedlots evaluated in this survey was 230 µg kg −1 AFB1-equivalent, and the minimum REQ was 1 µg kg −1 AFB1-equivalent. The analysis of principal components allowed the construction of two-dimensional biplot formed by the first two major components (Factor 1 and Factor 2; Figure 4 ). The samples contaminated with aflatoxins were separated from the other samples and the REQ. The REQ computes a multicontamination complex situation pertaining to feedstuffs into one single value (Yiannikouris, 2015) . It is possible to observe that the combination of other mycotoxins can be more dangerous than aflatoxin by itself.
It can be observed, according to the contamination of the TMR samples per region, that Mato Grosso do Sul presented the highest contaminations in some of the TMR (above 200 ppb; Figure 5 ).
The ingredients from the ten most contaminated diets were analyzed to determine which of them were responsible for the high contamination and which mycotoxins were associated with each ingredient. The roughage source most often used in these feedlots was corn silage and the most common concentrate sources were corn and cottonseed ( Table 4 ). The mean levels of contamination of ingredients from the ten most contaminated diets indicated which ingredients were most responsible for TMR contamination and which mycotoxin stood out in each source (Table 5 ). The cluster analysis of all contaminated ingredients allowed the construction of a dendrogram resulting from hierarchical grouping analysis (Figure 6a ) and non-hierarchical method (Figure 6b ), characterizing three different groups by contamination level (Figure 6a ), or according to the contamination levels and mycotoxin type (Figure 6b ).
Discussion
Mycotoxins are an important issue because they can affect production cost and could also impact the health of both animals and humans (Aslam et al., 2016) . This study assessed the types and quantity of mycotoxins present in diets of beef cattle in Brazilian feedlots. The diets in visited feedlots showed different levels of contamination, but 100% of TMR samples had some contamination. The type of mycotoxins varies largely by the type of diet component, but the level of contamination varies within the ingredient. For example, a sample of peanut meal and one of corn were extremely contaminated, while other samples of the same materials collected from other feedlots had low contamination, indicating the dependency of more than one factor.
The high prevalence of fumonisin, trichothecenes A, and fusaric acid in the samples can be attributed to the type of feedstuffs used in the analyzed diets. Species of Fusarium produce fumonisin, and these toxins occur very often in corn (Zhang and Caupert, 2012) . In this survey, 76.7% of the feedlots used corn, 43.4% used corn silage, 16.7% used corn germ, 10% used refinazil, and 3.33% used corn DDGS, consistent with the high frequency of fumonisin in TMR samples of this survey. More broadly, corn is the primary source of grain used in feedlot diets (Vasconcelos and Galyean, 2007; Millen et al., 2009) ; therefore, this toxin can be very important for cattle in feedlots, since the ingestion of highly contaminated diets can cause lower intake, the variable that most influences performance (Diaz et al., 2000) , besides affecting metabolic organs such as liver and kidneys (Fink-Gremmels, 2008) .
Trichothecenes A and B are also produced by Fusarium species, and they are present in corn and forages (Tiemann and Danicke, 2007) , widely used in TMR analyzed in this survey. These toxins are not very toxic for ruminants (Upadhaya et al., 2010) . However, Danicke and Brezina (2013) reported that ruminants ingesting feed contaminated by DON present mycotoxin biotransformation and excretion in fluids such as blood and milk, thus classifying this mycotoxin as a risk to human health.
Fusaric acid also can be present in cereals and forage and was present in almost all TMR samples. Moreover, this toxin increases the toxicity of trichothecenes through a synergistic mechanism (Yiannikouris and Jouany, 2002) . The synergism is common because mycotoxins are seldom found in isolation, and when multiple mycotoxins are consumed, they may have strong interactions that increase A: Group 1: most contaminated ingredients; Group 2: intermediate contaminated ingredients; Group 3: less contaminated ingredients. B: aflatoxins: B1+B2+G1+G2; trichothecenes B = DON; trichothecenes A = toxin T-2 + HT-2; fumonisins = B1+B2; penic = patulin + penicillic acid + roquefortine C + mycophenolic acid + wortmannin; Aspergillus = gliotoxin + sterigmatocystin + verruculogen. Figure 6 -Dendrogram of the cluster analysis by the hierarchical method and non-hierarchical method of groups profile 1, 2, and 3 constructed by the K-means algorithm of the ingredients from the ten most contaminated diets. Other mycotoxins, including aflatoxins, ergot, and mycotoxins produced by Penicillium were found. Aflatoxins are produced by Aspergillus flavus and Aspergillus parasiticus (Milićević et al., 2010) . Peanut is a substrate that is most commonly contaminated by aflatoxin because it is one of the most susceptible foods to contamination by fungi that produce this toxin (Escobar and Regueiro, 2002) . Moreover, although aflatoxin was present in only 6.7% of the TMR samples, it is very important for animal health (Battacone et al., 2012) , because it is hepatotoxic, carcinogenic, and immunosuppressive (Williams et al., 2004) , besides not being metabolized in the rumen, seriously affecting ruminants.
Ergot and mycotoxins produced by Penicillium can also be dangerous for ruminants. According to Coufal-Majewski et al. (2016) , ergot alkaloids are produced by a group of fungi of the genus Claviceps and frequently found in cereal grains. When ingested by ruminants, this toxin can decrease feed intake, elevate body temperature, lead to excessive salivation, increase respiration rate, and decrease peripheral circulation (Merrill et al., 2007) . Mycotoxins produced by Penicillium are mostly found in materials stored in bad conditions, such as silages and hays, and can reduce appetite, impact nutrient efficiency, and increase abomasal ulcers, laminitis, gastroenteritis, and paralysis (Gallo et al., 2015) .
These toxins are not always present in materials with obvious fungal growth, because the microorganisms may produce mycotoxins only if they suffer some type of stress (Bryden, 2012) . This fact occurred in this study, because diets with high mycotoxin contamination did not present apparent fungi, and diets with apparent fungi had low or moderate contamination.
When the general data about feedlots and contamination levels of the samples were contrasted, it was observed that the contamination had no relationship with animal performance. The mean ADG of animals in the feedlots with high-or moderate-risk diets was 1.56 kg day −1 , whereas ADG of animals in feedlots with low-risk diets was 1.52 kg day −1 . The animals in feedlots with the highest ADG (1.85 kg day −1 ) consumed moderate-risk diets, whereas animals in feedlots with the lowest ADG (0.70 kg day −1 ), consumed a low-risk diet. This difference can be explained probably because of the variability of the genetic potential, animal management, and different diets. Studies to confirm the impact of mycotoxins on beef cattle performance need to be performed.
An important issue in this study related to what was stated above is the real risk of each mycotoxin in the feed. The concentration of each mycotoxin does not always demonstrate the real risk of the sample, since some mycotoxins are present in small concentrations, but may pose high risks to ruminants, or they may be present in high concentrations and pose low risk. Besides, the combination of different mycotoxins could be more dangerous than one single mycotoxin (Yiannikouris and Jouany, 2002) .
In this way, besides identifying which mycotoxins were present in TMR and in which levels, it is also important to estimate the risks associated with the presence of different types and concentrations of mycotoxins. It was possible to estimate the equivalent risk of the feed through REQ, created by Yiannikouris (2015) based on the concepts of chemistry, which generates a real risk of the mycotoxin.
The risk assessment calculates a REQ expressed in ppb of AFB1-equivalent, which computes a multi-contamination complex situation pertaining to feedstuffs into one single value (Yiannikouris, 2015) . According to Yiannikouris (2015) , the REQ, expressed as µg kg −1 of AFB1-equivalent, can be classified, and the range between 0 to 50 µg kg −1 is considered low, 51 to 100 µg kg −1 is considered intermediate, and above 100 µg kg −1 is considered high for beef cattle. In this study, the maximum REQ found in TMR used in the feedlots evaluated was 230 µg kg −1 , and the minimum REQ was 1 µg kg −1 AFB1-equivalent.
Besides, through the detection of multiple mycotoxins, it is possible to estimate the risk of all mycotoxins together (Yiannikouris and Jouany, 2002) . Principal components showed part of this combination, since while aflatoxin is the most aggressive single mycotoxin, REQ is along with the other mycotoxins, probably because the combination of mycotoxins and their high concentrations could be more dangerous than aflatoxin by itself.
Therefore, these data demonstrated that it is important to consider the combined occurrence of different types of mycotoxins in ingredients and TMR samples. However, this is often neglected in other analytical approaches. Co-occurrences are important, since mycotoxins could have an additive effect, potentially further increasing their negative impact on the animal.
Another important issue to observe about mycotoxin contamination is that contamination by fungi is environmentally dependent, as these microorganisms thrive in more humid and high-temperature environments. Furthermore, the production of mycotoxins depends on environmental factors that can cause fungi stress, allowing them to produce toxins. In this sense, aflatoxin contamination occurs most often in the southern United States (Chaytor et al., 2011) .
The Mato Grosso do Sul state in Brazil is characterized by a tropical climate, high temperature, wet in summer, and dry and cold winter. High temperatures and humidity can provide a condition for the great development of fungi, and dry and cold winter can cause some stress, which encourages mycotoxin production. Probably because of these factors, that state presented the greatest contaminations in TMR samples.
After all analyses of TMR samples, it was possible to further deepen the research into the diets through the analyses performed in the ingredients used in the TMR composition. Through this, we observe that from all ingredients, the most found roughage source was corn silage, and the most found concentrate sources were corn and cottonseed. These ingredients are very common in Brazilian feedlots. In a survey conducted by Millen et al. (2009) about management practices and nutritional recommendations used by feedlot nutritionists in Brazil, they observed that corn silage was used by 28.5% of the respondents as roughage source. They also observed that corn is the primary source of grain, while cottonseed was the primary byproduct used in feedlot diets.
Through the results of ingredient contamination from the ten most contaminated diets, it was possible to observe more specifically which ingredient was responsible for TMR contaminations and which mycotoxin stands out in each source. As aflatoxin is more dangerous for beef cattle, the ingredient that showed high concentrations of this mycotoxin, peanut meal, presented the highest REQ as well.
Aflatoxin is commonly found in peanut samples. In a study conducted by Escobar and Regueiro (2002) , aflatoxin was found in 40.4% of peanuts analyzed. The occurrence of aflatoxins is higher in peanuts because it is the preferred product for the fungi that produce this toxin, and there are also delays and rains in the post-harvest drying period. Another form of contamination is when the peanut is stored under high humidity (Mupunga et al., 2017) .
In addition to peanut, aflatoxin can be found in many other products widely used in Brazil, such as corn and oilseeds (Danicke and Brezina, 2013) . These ingredients presented considerable contamination with high REQ, such as corn and its byproducts (refinazil, DDGS) and soybean and soybean residues. However, only peanut and corn DDGS presented aflatoxin contamination.
Sugarcane straw also presents high REQ values; this contamination was due to trichothecenes B, trichothecenes A, and fusaric acid. Probably, these contaminations occurred because this material is the sugarcane residue that stays in the field after the harvest and is more subject to contamination.
The cluster analysis of all contaminated ingredients allowed the construction of a dendrogram resulting from hierarchical grouping analysis. In the dendrogram, it is possible to observe the formation of three groups: group 1 was characterized by the most contaminated ingredients; group 2, by mediumcontaminated ingredients; and group 3, by less contaminated ingredients.
Through the results of the cluster analysis by the non-hierarchical method, it was possible to observe the formation of three different groups. Group 1 had high contamination of aflatoxin and other mycotoxins produced by Aspergillus; group 2 had high contamination of fumonisin, fusaric acid, mycotoxins produced by Penicillium, and ergot; and group 3 had low contamination of all mycotoxins.
The clustering factors found in these analyses were the level of ingredient contamination. However, what was interesting is that the majority of mycotoxins of the same group are produced by the same
